The present study makes an improved assessment of the foregoing optical property range for soot by employing the Lorentz dispersion theory [9, IO] combined with the experimental data. The above range is found to fail to cover infra-red radiation adequately and needs to be extended to 1.5 < n < 4.0 and 0.5 < k < 3.0 to incorporate the soot property variation up to about 20 pm. Accordingly, the primary objective of the study is to produce the error contours representing the percent deviation involved with the Rayleigh limit and the Penndorf expansion relative to the Lorenz-Mie theory for the range 1.5 < n < 4.0 and 0.5 < k 6 3.0 as a continuous function of n and k, thus providing a complete coverage for property range of particulate thermal radiation. The contours exhibit a distinguished error dependency on n with the dependency on k being of secondary importance. It is shown that for optical properties associated with infra-red radiation, Rayleigh deviation may well exceed 40% for a = 0.3 while that of Penndorf remains within 5%. Likewise, for a = 0.7, Rayleigh deviation reaches about 60% while that of Penndorf remains about within 10%. Thus. a basis is provided here for judging the accuracy of Rayleigh limit and Penndorf extension in the continuous n-k domain for the particulate radiation. The next section utilizes dispersion theory in computing n and k against wavelength and generates the extinction error contours for both Rayleigh and Penndorf approximations as a continuous function of m and discrete function of a. The study is concluded with some final remarks. 
which yields n and k through
SMALL SIZE PARAMETER LIMIT OF LORENZ-MIE THEORY: ERROR CONTOURS EXTENDED VIA DISPERSION THEORY
The dependence of the soot optical properties-refractive index n and absorptive index k-on the wavelength has been studied by several researchers [9-141. In terms of the Lorentz dispersion theory. Dalzell and Satofim [9] , and Lee and Tien
where symbols are given in the Nomenclature. Based on these two similar models,? the present study computes n and k as a function of wavelength in the range 0.4 pm 6 I < 20 pm for parameters given by refs [9, IO] , and recently by [14] (see Table I ). The results are shown in Table 2 for selected wavelengths and depicted in Figs 1 and 2 with arrows on three curves indicating the direction of increasing wavelength. Also shown in Fig. 1 data define a shaded area as shown in Fig. 2 for property The volumetric spectral coefficients of radiative transfer variation of carbon and soot combined in the visible and equation for a monodisperse medium with single and indenear infra-red up to I = 20 pm. The bounds of the shaded pendent scattering are known to be directly proportional area are not intended to be absolute and are drawn somewhat to efficiency factors, the geometric cross-section, and the approximately to represent the physically meaningful propnumber density of particles. In particular, the extinction erty range of carbon and soot particles. efficiency factor which is the sum of absorption and scattering has been vastly used in the interpretation of optical diagnostics. Due to its significance and the additive feature, the extinction efficiency is chosen for the present investigation. The percent error for extinction is defined as
where superscript E denotes the Exact (LM-theory) solution, R the Rayleigb limit, and P the Penndorf extension. While the details involving the computation of Qz are described elsewhere [7] , the expressions used for the Rayleigh limit and Penndorf extension are briefly described below.
In the well-known Rayleigh limit, the efficiency factors are Q: = Q:+Q:; Q," = I2(N,/'M,)a,
with subscripts a and s denoting absorption and scattering, respectively, and M, = j2+m*12 = N:+(2+N,)2, M* = 1+2N,,
where m = n-ik is the usual complex refractive index of particles with respect to surrounding medium, i the complex unit and G( = nD/I is the size parameter, D the particle diameter, 1. the wavelength ; W indicates 'the real part of' ; and ,Y. 
with the remaining MS and Ns defined as M, = 4(N, , M, = (Nz+N, N, = (n'+k') 
The error contours generated in terms of equations (4) sharply with increasing wavelength, thus with increasing n and k, whereas the Penndorf extension continues to remain close to the LM-theory.
Penndorf-based expressions become more significant for medium to large size soot particles. However, these particles are known, in most applications, to agglomerate to various shapes different than spheres. which may raise a question about the applicability of LM-theory. 
